Deaths of children younger than 5 years has been a global problem for long time. This study is focused on evaluating diseases that caused under five child mortality in Tanzania in 2013. Diseases that causes child mortality were collected from 25 regions and analysed for 42 disease variables. The data obtained were standardized and subjected to principal component analysis (PCA) to define the diseases responsible for the variability in child mortality. PCA produced seven significant main components that explain 73.40% of total variance of the original data set. The results reveal that Thyroid Diseases, Snake and Insect Bites, Vitamin A Deficiency /Xerophthalmia, Eye Infections, Schistosomiasis (SS), Intestinal Worms, Ear Infections, Haematological Diseases, Diabetes Mellitus, Ill Defined Symptoms no Diagnosis, Poisoning, Anaemia, HIV/AIDS, Burns, Rheumatic Fever, Bronchial Asthma, Peri-natal conditions and Urinary tract infection are most significant diseases in assessing under five child mortality in Tanzania mainland. This study suggest that PCA technique is useful tool for identification of important diseases that causes death of children less than five years.
Introduction

Background
Reduction of child mortality has been the global focus for many years. It started more than three decades ago where substantial political, donor and country focus on improvement of child survival [1] . According to [2] child mortality has been declining globally due to socialeconomic development and implementation of child survival interventions even though 8.8 million children younger than 5 years die annually. This indicate that child mortality is still a global challenge. In year 2000 the United Nation (UN) established eight international development goals and among others the fourth goal (MDG4) captured the intention of high level leaders since it targeted the reduction of child mortality by two third from 1990 to 2015 [3] . Worldwide under five mortality rate has declined more than half from 90 to 43 death per 1, 000 live birth between 1995 and 2015, this implies that there is a decline from 12.7 million death in 1990 to 6 million death in 2015 [4] .
There are many global and local effort on the improvement of child survival. The global campaign such as child survival revolution, heath for all by the year 2000, and Jim Grant pioneering work at UNICEF and child intervention are example of international effort on improvement of child survival [5, 1] . It is widely accepted that global community have failed to achieve MDG4 since many countries especially from south Asia and Sub-Saharan Africa are not on track to meet the target [6, 1] . In Africa six million children younger than 5 years die every year due to infectious diseases [7] . Children die before discharge or after discharge (post discharge) and because of limited data available especially in developing countries, it is possible that many death are not recorded.
In order to provide the important input to global, national and regional debate on child mortality is important to have clear evaluation of global and local trend of child mortality. In Tanzania the largest gain in child survival occurred between the year 2000 and 2012 when the mortality of children under 5 years decrease at average rate of 8.5% per year [8] . This decrease enables Tanzania to achieve millennium development goal(MDG4) for child survival. In 2014, as the reference goals for the international development community for the period of 2015 to 2030, United Nations member states proposed the new set of Sustainable Development Goal(SDGs) which will achieve the Millennium Development goals (MDGs) [9] .
Total of 17 SDGs were proposed but Goal 3 which is focusing on ensuring healthy lives and promote the well being for all at all ages still captured the intention of many Nations. The second objective of Goal 3 is by the end of 2030 to end preventable deaths of newborns and children under 5 years with the aim to reduce the neonatal mortality to at least 12 per 1,000 live births and under 5 mortality to at least as 25 per 1,000 births [10] . In order for Tanzania achieve the above objective and make coherent policies and strategies, it is important to understand diseases that contribute much to death of children under 5 years. This will provide the evidences and support in decision making about the disease priorities. Therefore this paper contributes to these accountability efforts and seeks to use the Principal Component Analysis to assess and analyse diseases that contribute to high mortality rate for children under 5 years in Tanzania.
Literature Review
In recent years, many studies have been done using different multivariate statistical techniques such as Principal Component Analysis (PCA), Cluster Analysis (CA), analysis of variance (ANOVA), discriminant analysis (DA), factor analysis (FA) and multiple regression analysis (MRA) in analysing and interpreting diseases that contribute to mortality rate for children under 5 years. [7] used univariate logistic regression to determine level of association between acute infectious diseases that leads to post-discharge mortality. [11] employed the cox regression models to identify risk factors that lead to post discharge mortality and survival probability in children less that 15 years. [12] employed the descriptive statistics study the post-discharge mortality for children with severe malnutrition and pneumonia in Bangladesh. [13] employed the systematic review to identify all studies reporting post-discharge mortality in the children and estimate the likelihood and most risk factors for death. [14] employed the regression models to examine the relationship between travel time,cause -specific hospitalization rates and probability of death in hospital. Few mentioned literature have proved that different statistics techniques have been successfully applied to study mortality rate for children of different ages. Therefore this study employed the Principal Component Analysis to study diseases that contribute to high mortality rate for children under 5 years in Tanzania.
Methods and Data
Data Source and Software Used
Number and causes of death under 5 years data for 2013 were downloaded from the government open data portal for Tanzania National Bureau of Statistics (NBS) on May 12, 2018 [15] . The data set consists of 26 regions from Tanzania mainland which include Arusha, Dodoma, Dar es Salaam,Geita, Iringa, Kagera, Katavi, Kigoma, Kilimanjaro, Lindi, Manyara, Mara, Mbeya, Morogoro, Mtwara, Mwanza, Njombe, Pwani, Rukwa, Ruvuma, Shinyanga, Simiyu, Singida, Tabora . Results in this study were obtained using the statistical software environment R [16] . For clear visualization of results the package RColorBrewer [17] and FactoMineR [18] were used.
Principal Component Analysis
Principal Component Analysis is one of the multivariate methods widely used for extracting the linear relationship among a set of variables in the data set [19] . It extract low dimensional set of features from a high dimensional data set with the aim of capturing much information as possible. The basic idea of PCA is to describe the variation of a set of of uncorrelated variables in which each is a particular linear combination of the original variable [20] . Using PCA the decreasing order of importance derive a new variables, this imply that the maximum variation in the original dataset is much explained by the first principal component (PC1). The second principal component (PC2) will explain as much as possible the remaining variation under condition that it is uncorrelated with the PC1, and this procedure continues. The Principal components can be expressed using the following equation
where Z is the component score, a is the component loading, x is the measured value of a variable, i is the component number, j is the sample number, and p is the total number of variables.
Since the main objective of using the PCA is to find few components that can explain better the variation in the original data. There are many techniques used to choose the number of PCs to be retained but this study used the Kaiser's rule which retain the PCs with eigenvalues greater than 1. The final number of PCs retained were determined by scree plot. This reduces the number of variables in which each linear combination will correspond to a principal component (PC).
Results and Discussion
Data Description
The minimum (Min), first quartile (Q1), median(Med), Mean, third quartile( Q3), maximum (Max), skewness, Kurtosis and standard deviation (Sd) values of each disease under study are presented in Table 1 . 
Compositional Relation
The correlation between diseases can give more insight on the relationship between different diseases as shown in Fig. 1 
Fig. 1. Correlation matrix of diseases
The compositional relations in Table 1 show that the strong correlation (> 0. At this stage is difficult to group the diseases into components and attach the physical significance. Therefore correlation matrix in Fig. 1 has been applied to the principle component analysis.
Principal Component Analysis
PCA was applied to dataset with n × p matrix, where n = 25 is the number of regions in Tanzania mainland and p = 42 is the number of variables (diseases). This resulted to 25 × 42 matrix. Table 2 show the eigenvalue of each PC, percent and cumulative percent of the variance.
Taking into account the Kaiser's criteria, the PCA algorithms resulted into 12 PCs with eigenvalues greater than 1 as shown in Table 2 . Then rotated component matrix of first 12 PCs are shown in Table 3 .
Due to standardization, all principal components (PCs) have mean zero, the standard deviation is also given for each of the components and it is the square root of eigenvalue. The purpose is to find the correlation between the principal components and the original variables. The final number of PCs retained was determined by the analysis of Scree graph in Fig. 2 .
From Fig. 2 , we observe that the scree plot descends more rapidly towards the 8 th PC before levelling out. The first 7 PCs were retained for for subsequent analysis and accounted for the 73.4% of the total variation of children death variables. Ignoring of other PCs could results in discording of some important information but the aim of the study was to explain the maximum variation in the data. Variables correlating with each of the 7 PCs are indicated in Table 4 . Table 4 shows that PC1 was positively high correlated with ten variables. PC2, PC3 and PC4 were positively high correlated with two variables while PC5 and PC6 were highly correlated with one variable. Since PC1 was the component with high variance (28.05%), explaining more relevant information, it was plotted against the other six components to provide detailed information about the disease effects on death of children under 5 years in Tanzania. 
Biplot results of PC1 with PC2
The biplot presented in Fig. 3 shows the correlation between variables of PC1 and PC2. This interaction present some high correlated variables such as: (a) BN with OM and PN: this correlation, located in the first quadrant, indicates that when death caused by BN increases, OM and PN also increases. (b) DD with OND and SPE: this correlation is located in the first quadrant and indicates that child mortality due to DD was related with increased in OND and SPE. (c) PO with NP, RD and ARI: this correlation is located in the first quadrant and indicates that child mortality due to PO was related with NP, RD and ARI (6 and 24). (d) MU with Ocr, EP and CD: This interaction is located in the second quadrant of the biplot and suggests that an increase in MU is related with an increase in Ocr, EP and CD. (e) MSC with HA: The child mortality due to MSC is associated with HA. (f) TD with SIB, VAX, EY, SS, IW, EI, HDA, DM and DSD: this correlation is located in the fourth quadrant and have a strong positive correlation with PC1, which indicates that higher child mortality is caused by these diseases.
In Fig. 3 one can also verify negative correlations between variables, located in opposite quadrants, such as: (a) PN and RF: this correlation indicates that increased child mortality due to PN was associated with lower death due to FR. (b)PO and NKD increased child mortality due to poisoning(PO) was associated to a lower non infectious kidney diseases. (c) MSC and BA: this correlation indicates that increased in children death due to MSC was associated with lower BA. (d) NGD and SCD: this correlation indicates that increased child mortality due to NGD was associated with lower mortality due SCD. It is noteworthy that PO and AN were positively high correlated with PC2. There were no variables which strong negatively correlated with either PC1 or PC2.
Biplot results of PC1 with PC3
The biplot presented in Fig. 4 shows the correlation between variables of PC1 and PC3. The main interactions between variables of this plot are: (a) OND with PO and PN: this correlation is located in the first quadrant and shows that when child mortality due to OND is high, PO and PN is also high. (b) HA with CD: this correlation is located in the second quadrant and indicates that HIV/AIDS is associated with congenital diseases.(c) DSD with DM: this correlation is located in the first quadrant and indicates that diabetes mellitus is associated with DSD. These variables were strongly related with PC1. (d) SCD with UTI and SI: this correlation is located in the second quadrant and indicates that sickle cell disease is associated with the UT1 and skin infection. (e) MU with JD and Ocr:this correlation is located in the third quadrant and shows that child died for uncomplicated malaria were also suffering from joint disorder and other cardiovascular diseases. (Table 4) .
Biplot results of PC1 with PC4
The biplot presented in Fig. 5 shows the positively high correlated variables in this interaction: (a) ARI with RD: this correlation is located in first quadrant and was related to the association between Acute respiratory infections and other respiratory diseases.This was expected since ARI is the type of RI. (b) JD with RF: this correlation is located in second quadrant and was related to the association between joint disorder and rheumatic fever. (c)NKD with PNC: this correlation is located in the second quadrant and relates NKD with PNC. (d) SCD with FD and UTI: this interaction is located in the third quadrant of the biplot and suggests an increase in SCD is in response with FD and UTI.
Some negative correlations were also identified: (a) PO with MSC: this correlation showed that child mortality due to MSC is opposite to PO. (b) OT with MU: this correlation indicates that OT decreases MU. one can verify the same high correlated variables for PC1 as in Fig. 3 , and we can observe that RF and BA were positively high correlated with PC4. In contrast, AN and SDC were negatively weak correlated with PC4 (Table 4) .
Biplot results of PC1 with PC5
The biplot presented in Fig. 6 shows the correlation between features of PC1 and PC5. The main interaction between variables of this plot are: (a) PNC with CD: this correlation is located in the second quadrant and shows that when child death due to PNC is higher, the death due to CD is also higher. (b) TC with UTI:this correlation is located in the third quadrant and explains the fact that child suffering from UTI was associated with suffering from tuberculosis. (c) NP with BA: this correlation is located in the fourth quadrant and explains the fact that child death due to neoplasm was associated with suffering from bronchial asthma.
Some negative correlations were also identified: (a) ARI with PNC and CD: this correlation shows that the decrease of ARI is associated with the increase of PNC and CD. (b) PN and MSC: this correlation indicates that child die from pneumonia disease, decreases the possibility of death from MSC. (c) FD with NP: this correlation indicates that child die from neoplasm, was not associated with fractures dislocation. Also one can verify the same high correlated variables for PC1 as in Fig.  4 , and we can observe that PNC was positively high correlated with PC5. In contrast, ARI and MU were negatively weak correlated with PC5 (Table 4) .
Biplot results of PC1 with PC6
The biplot presented in Fig. 7 shows the correlation between features of PC1 and PC6. The main interaction between variables of this plot are: (a) NKD with NGD: this correlation is located in the first quadrant and shows that when child die due to NKD,there is high possibility that was also suffering from NKD. (b) NP with EP: this correlation is located in the fourth quadrant and shows that children die due to NP ,were also associated with suffering from EP.
Some negative correlations were also identified: (a) OT with ARI: this correlation shows that the decrease of ARI is associated with the increase in OT. (b) MU and RD: this correlation indicates that child died from MU disease, had a lower possibility that was also suffering from RD. (c) PNC with PO: this correlation indicates that child die from PNC, was associated with low possibility of dying from poisoning. one can verify the same high correlated variables for PC1 as in Fig. 3 , and we can observe that UTI was positively high correlated with PC6. In contrast, EP was negatively weak correlated with PC6 (Table 4) .
Biplot results of PC1 with PC7
The biplot presented in Fig. 8 shows the correlation between features of PC1 and PC6. The main interaction between variables of this plot are: (a) MU with AN: this correlation is located in the third quadrant and shows that when child die due to MU,there is high possibility that was also suffering from AN. (b) CF with BA: this correlation is located in the third quadrant and shows that children die due to CF ,were also associated with suffering from BA.(c) PN with NGD: this correlation is located in the fourth quadrant and shows that child death due to NGD is associated with suffering from PN.
In Fig. 8 one can also verify negative correlations between variables, located in opposite quadrants, such as: (a) JD and PNC: this correlation indicates that increased child mortality due to JD was associated with lower death from PNC. (b)OT and MU increased child mortality due to uncomplicated malaria was associated to a lower death due to other diseases. Also one can verify the same high correlated variables for PC1 as in Fig. 3 , and we can observe that CD was positively weak correlated with PC7. In contrast, MSC, NKD and OND were negatively weak correlated with PC7 (Table 4) .
Conclusion
In conclusion, it has been identified that from 25 components, the first seven components are sufficient to explain the diseases that causes child mortality for children under five years in Tanzania mainland. These components retained 73.40% of total variance of the original dataset. PCA results also show that TD, SIB, VAX, EY, SS, IW, EI, HDA, DM , DSD, PO, AN, HA, BN, RF,BA, PNC and UTI are significant diseases. It is worthwhile to stress that these important diseases should be observed more systematically and carefully. The outcome shows that there is a potential need for for improving the efficiency in preventing and controlling child mortality by reducing the number of diseases from 42 to 18. This reduction may result in significant cost in saving the child mortality control program without sacrificing important diseases. However it should be noted that in this study the only one year (2013) were used. To make critical decision in assessing the diseases that lead to child mortality for children less than 5 years in Tanzania mainland, the longer time scale should be performed. Therefore, for Tanzania to attain the 2030 goal of 14 death per 1000 live birth, effective child survival interventions are required. There is the need to properly manage child mortality and monitor child diseases. This study may prove to be very useful in achieving this goal.
